A simple, rapid and sensitive method has been developed for determination of traces of silver(I) (0.2 -13 ng mL -1 ) based on its catalytic effect on the oxidation of thionine by peroxodisulfate in the presence of 1 -10 phenanthroline as an activator. The reaction is monitored spectrophotometrically by measuring the decrease in absorbance of thionine at 600 nm by the fixed time method. The detection limit is 0.098 ng mL -1 and the relative standard deviation for 0.5, 3.0, 5.0 and 10 ng ml -1 Ag(I) are 4.1, 1.37, 1.06 and 0.64%, respectively. The method is free from most interferences and it was applied to determination of silver in photographic solutions and well-water samples.
1
Thus, the quantity of silver ion in different media can be measured by various analytical methods, such as spectrophotometric methods, [2] [3] [4] atomic absorption spectrometry, 5, 6 fluorometry, 7 flow injection analysis 8 and electroanalysis. 9 However, most of these methods, in spite of their good sensitivities, are very expensive.
The kinetic catalytic methods have shown some very promising features for determination of metal ions in ultra-trace levels. 10 These methods have proved to be a cheaper and more reliable alternative to the instrumental analyses for trace determinations.
11 Ag(I) is a good catalyst for the oxidation of various organic reagents in the presence or absence of an activator. [12] [13] [14] [15] [16] However, some of these methods suffer from poor selectivity or sensitivity.
In this study, we wish to report a simple, rapid and sensitive method for determination of silver using the oxidation of thionine with peroxodisulfate.
Experimental

Reagents
All reagents were of analytical reagent grade and were used directly without further purification. A silver stock solution (1000 μg mL -1 ) was prepared by dissolving 1.574 g of AgNO3 (Merck) in water and diluting to the mark in a 1000 mL volumetric flask.
A stock solution of peroxodisulfate (0.5 M) was prepared by dissolving 10.5081 g of its ammonium salt in distilled water and diluting to 100 mL. Thionine solution (3.48 × 10 -4 M) was prepared by dissolving 0.01 g of the powder in 40 mL ethanol and diluting with water to 100 mL. A 0.01 M o-phenanthroline solution was prepared in a water-methanol 1:1 mixture.
Apparatus
Absorption spectra were recorded on a Shimadzu Model 160-A UV-VIS spectrophotometer with a 1-cm glass cell. This was used for absorbance measurements at a fixed wavelength. A thermostat bath was used to keep the reaction temperature at 40˚C. A stopwatch was used for recording the reaction time.
Recommended procedure
To a series of 10 mL volumetric flasks, 0.2 mL of H2SO4 (0.01 M) was added. Then, 0.2 mL (NH4)2S2O8 (0.5 M) and 1.5 mL of o-phenanthroline (0.01 M) were also added to obtain a final concentration of 0.01 M and 1.5 × 10 -3 M, respectively. For the catalyzed reaction, aliquots of Ag(I) solution containing 0.2 -13.0 ng of silver were added. The solution was diluted to about 8 mL with distilled water. This solution was shaken and 1.2 mL thionine 3.484 × 10 -4 M was added; then the solution was diluted to 10 mL with distilled water. The zero time was taken as the moment at which the last drop of thionine had been added. The decrease in the absorbance was measured for the first 15 min at 600 nm and 40˚C.
Results and Discussion
A solution of thionine can be decolorized by (NH4)2S2O8 (0.01 M) at 40˚C but underwent a rapid decomposition when Ag(I) at the ng mL -1 level was added. The presence of o-phenanthroline as an activator increased the rate of this catalytic reaction.
Effect of variables
The effects of reagent concentrations, temperature and ionic strength on the reaction were studied.
According to the study, better sensitivity can be obtained at low pH values. Therefore HNO3, HCl, and H2SO4 were tested for adjustment of acidity and it was found that, H2SO4 is the better acid. The effects of addition of different concentrations of acid were studied. Results show that the maximum sensitivity can be achieved by using 2 × 10 -4 M H2SO4. The change in absorbance was measured at different peroxodisulfate concentrations (Fig. 1) . However, the rate of the catalyzed reaction increases more than that of the blank at peroxodisulfate concentration of 0.01 M. Thus, 0.01 M of S2O8 2-was adopted for further studies. Figure 2 shows a sharp increase in the rate of catalyzed reaction with increase in o-phenanthroline concentration, while the reaction rate of the uncatalyzed reaction shows an increase with o-phenanthroline concentration above 1.5 × 10 -3 M. Thus, an o-phenanthroline concentration of 1.5 × 10 -3 M was used for further work.
The effect of thionine concentration on the reaction rates was determined. The concentration of thionine was varied from 2.44 × 10 -5 to 4.52 × 10 -5 M. Results (Fig. 3) show that the both of the reaction (catalyzed and uncatalyzed) rates increase with increasing thionine concentration. Therefore, 4.2 × 10 -5 M thionine concentration was selected. A higher concentration of dye cannot be used due to its molar absorptivity coefficient.
An increase in temperature from 25 to 55˚C caused an increase in the rate of catalyzed and uncatalyzed reactions, but there is the best sensitivity at 40˚C.
The time for measuring the change in absorbance was also optimized and it was found that sensitivity increases up to 25 min, but at 15 min the reaction has good sensitivity, so 15 min was selected.
The effects of ionic strength on the reaction rates for both the catalyzed and uncatalyzed reactions were investigated, the salt concentration being varied from 0 to 0.9 M using 3 M NaNO3 solution. The results indicated that, with increase in NaNO3 concentration, the rates of both catalyzed and uncatalyzed reactions decrease.
Analytical parameters
A calibration graph was obtained under the optimum working condition and 600 nm with the fixed-time method. The calibration graph was linear in the range of 0.2 -13.0 ng mL -1 of Ag(I) at 40˚C. The following regression equation was obtained with an Excel program: (r = 0.9987, n = 8, and Sb = 6.67 × 10 -4 ). The relative standard deviation for ten replicate determinations of 0.5, 3.0, 5.0 and 10 ng mL -1 Ag(I) is 4.1, 1.37, 1.06 and 0.64%, respectively. The experimental limit of detection is 0.098 ng mL -1 Ag(I).
Interference study
The influence of foreign ions on the system was examined with 10 ng mL -1 Ag(I). The tolerated limits for the ions assayed are shown in Table 1 (with relative errors less than 5%). As can be seen, most ions used have no measurable effect on the determination of Ag(I), even when present in 100 -1000-fold excess over silver.
Analysis of real sample
In order to confirm the usefulness of the proposed method, we applied the method was to determination of silver in a sample of well-water and in synthetic photographic samples. The wellwater sample was analyzed by the method of standard addition. Table 2 shows the results of analysis of two real samples.
A kinetic-specrophotometric method is proposed for trace amounts of silver. The method is simple, highly sensitive, inexpensive and rapid, and was used for the determination of silver in real samples. 
